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We, SlEiXE^S - SCHUCKERTWERKE 

Aktiengesellschapt, a German Com- 
pany, of Berlin-Siernensstadt, Germany, 
do hereby declare the natureof this inven- 
tion and in what manner the same is to 
be performed, to be particularly described 
and ascertained in and by the following 
statement : — 

In alternating: current long distance 
lines as is well known the tension 
increases greatly when running idle, 
because the charging current causes a rise 
in tension in the line (Ferranti-effect) : 
on the other hand in the loaded state a 
^ drop in tension is caused by the load 
current. The increase in tension through 
the Ferrauti-effect and the drop in ten- 
sion owing to the load current cause a 
change in tension, which alters in 
20 sympathy with the load. In order to 
keep the tension constant also under 
varying loads, this change in tension 
must be again counter-balanced by means 
of suitable compensating devices and it 
25 has already been proposed to regulate 
ihe.se compensating devices in dependence 
on the tension of the long distance line. 

In contradistinction to the regulation 
already known bv voltage sensitive rea 1 > 
30 lators, according to the invention tbesp 
compensating devices, which are dis- 
tributed along the line section by eection 
at different stations, are so controlled hy 
regulating devices directly sensitive i;u 
35 t!>e ratio of voltage to current of the lornr 

distance line that is always equal 



to T , 



C 

where wL is the effective series 



reactance of the long distance line includ- 
ing the reactance of the compensating 

40 devices and consumers wC the reciprocal 
of the effective parallel reactance of the 
long distance line including the reactance 
of the compensating devices and con- 
sinners. E the tension, J the current and 

*° to the 2 7T fold of the frequency. 

Instead of the working current (J) the 
total current may also act upon the regu- 
lating member because the total current 
in particular 'under strong load only 

50 differs very slightly from the real work- 



is 



ing current because the total current is 
not the algebraic but the geometric sum 
or total resulting from working and 
wattless currents. 

As already stated the wattless currents 
of the consumers are to be classed 
together with the compensating react- 
ances in the quantities L and C in the 
formula. As the consumer generally 
always lies parallel to the line, then in 
this case, by means of the additional 
reactance which is generated by the watt- 
less currents of the consumer, only the 

parallel reactance of the line (^q) 
altered 

Generally speaking tne wattless cur- 
rents of the consumers are constant so 
that they can be at once taken into con- 
sideration in adjusting the regulating 
means. If the wattless currents of the 
consumers vary a medium or average 
value is taken and the reactance of me 
consumers is taken to be the reactance 
corresponding to this average valun. 

The regulation according to the inven- 
tion presents, in comparison with the 
control in dependence on the tension 
alone, the advantage that it is much more 
sensitive * . - ause in the event of a chan^" 
to be niaue in the energy to be trans- 
mitted not only the tension but pre- 
eminently the current changes very 
greatly. 

In the case of alternating current long 
distance lines, in which the generators of 
the power station are regulated to con- 
stant tension, the arrangement according 
to the invention as set out above may 
be modified in that the regulation of the 
compensating devices is effected solely in 
dependence on the current (total or 
working current) of the long distance 
line. The coil which effects the movement 
of the regulating element of the regulator 
is in this case influenced by a current 
which is in proportion to the current of 
the long distance line. 

The regulation according to the 
invention has as a basis the fact that the 
potential on the line, above all in the 
stations in which '*v the compensation 
arrangements are situated, remains prac- 
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tically constant when the proportion of 
potential to current is equal to the char- 
acteristic impedance of the line, i.e. equal 
to the root of the ratio of L to C. 
5 According' to the ratio of L and C, the 
compensating- device is put in shunt to 
the network mains (Case A) (Figure 1) 
or in series with the network mains (Case 
13) (Figure 2). It may often be advisable 

10 to' pnt°the compensating devices both in 
parallel to. as well as in series with, the 
network mains (Case A and Case B). 

The additional, reactance supplied by 
the compensating device may be either 

15 capacitative or inductive. If the addi- 
tional reactance be capacitative and, if 
the parallel capacity of the line is 
indicated by C 1 according to Figure 1, and 
the additional parallel capacity supplied 

20 by the compensating arrangement by C 11 . 
then for case A we gejt the formula 

1.) C l + C" = L. J 

As the parallel capacity C 1 of the net and 
the series inductance L ot the net are 
constant, and as the tension E is to be 

25 maintained constant, hence C 11 is depen- 
dent upon J 2 . 

If the additional parallel reactance 
supplied from the compensating device 
lying parallel to the line be inductive 

30 and "if L n he used to indicate the parallel 
inductance of the compensating arrange- 
ment, then we get the formula 

2.) d-j^V—idS' We 



GO C r = 



co'-L. 



1 



30 L p = 



35 



^5) 



L p is also dependent xipon J 2 . 

If the compensating arrangements be 
mounted in the line in series (Figure 2) 
and if the additional series reactance 
supplied by the compensating arrange- 
ment be inductive, and if L u be used to 
indicate the additional series inductance 
supplied by the compensating arrange- 
ment and with L 1 the series inductance 
of the line, then for case B we get the 
formula 



45 



4.) L'+L"- cf 2 



C r is also dependent upon J 2 . ._ 

The compensating device may consist 
of a synchronous or an asynchronous 
machine the excitation of which is corre- 
spondingly controlled. It is of course 
also possible to use adjustable choking 
coils or condensers as compensating 
devices. 

Figure 3 shows an example of carrying 
out the invention. In the figure, only 
one station with its compensating and 
regulating apparatus is shown, as the 
arrangement with the other stations is the 
same. The compensating arrangement 
consists in the example shown, ^ of the 
synchronous machine 2, the energising of 
which may be adjusted by the^ field 
rheostat 4. According to the positionof 
this regulator, the synchronous machine 
supplies a larger or a smaller wattless 
current. The current relay 3 serves to v 
adjust the regulating resistance. The 
current relay Is in the example shown, 
imagined as" a Ferrari relay and has a 
disc 31 ,* the position of which depends on 
the value of the current J of the line. 
This disc can be fitted on a common axis 
with the contact arm of the regulating 
resistance, so that to each position of the 
disc there corresponds a perfectly definite 
adjustment of the regulating resistance. 
The coupling between disc and resistance 
may also take place electrically, for 
example a magnet might act on the con- 
tact arm of the regulating resistance 
against the force of a spring, which 
magnet would tend to rotate the contact 
arm out of its normal position, and the 
strength of the energising current of 



As the series inductance L 1 of the wire 
and the parallel capacity C of the line 
are constant and the tension E is to be 
maintained constant, hence L 11 is depen- 
50 dent upon J 2 . 

If the additional series reactance 
supplied by the compensating arrange- 
ment be capacitative and if the series 
capacity of the compensating device be 
55 indicated by C r , then *ve get .the formula 
1 E 2 
5.) L 1 - < ^=C--j 2 , hence 
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which depends on the position of the 
disc. (On rotating the disc, for example, 
more or less resistance is switched into iuu 
the energising circuit of this magnet). 
By means of this mechanical or electrical 
coupling, a definite position of the regu-V_/ 
lating resistance is made to correspond 
to pach position of the rotating disc. 

The amounts of the wattless current 
with different energising can be taken 
from the known characteristic of the 
machine. Bv suitable construction of the 
regulating resistance (or with a giveD 
regulating resistance by a suitable con- 
* struction of the relay) the result can be 
attained that for each position of the 
current relay 3 the synchronous 
machine supplies so much wattless output 

into the line that the value V <j is 
E 

always equal to ^, with the : example 
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chosen, L being the series inductance oi 
the line, and wC the reciprocal oi' (he 
effective parallel rea< tnnce including the 
supplementary capacity or induct a uce 
5 supplied by the compensating ain;!igc- 
ment. 

A quotient relay may also be used for 
controlling the compensating arrange- 
ment, that is, a relay which is influenced 
10 by the ratio of poteulial to current. 

The adjustment of the current Jk 
supplied by the compensating arrange- 
ment, is given according to the formula 

J t =^=E.<o(c>-L.|) _ (5) 

15 Equation 5 is given from equation 3. 
In equation 5 the Aalue of the parallel 
inductance to be supplied by the com- 
pensating arrangement is given. As the 
potential E of the line is to be kept con- 
20 stant. tli ere fore the wattless current 4 k to 
be supplied bv the machine is equal to 

— r — . if the vaiue xor L p is inserted 
< u -L p 

from equation 3, then equation 5 is 
obtained. As in the use ot a synchronous 

25 or asynchronous machine <as compensai- 
ing apparatus the stator idle current J k 
namely, the wattless current supplied to 
the line by the asynchronous or syn- 
chronous machine, clearly depends on 

30 the energising current of the idle current 
machine, it is therefore only necessary to 
arrange such a definite connection 
between the energising current or its 
regulator and the rotating disc 31 of the 

35 current relay 3 that J k varies as the square 
of the watt current J in the line accord- 
ing to equation 5. 

Having now particularly described and 
> ascertained the nature of our said inven- 

40 tion and in what manner the same is to 
be performed, we declare that what we 
claim is : — 

1. Arrangement for the regulation of 
tension of alternating current long dis- 
""^ 45 tance lines by means of compensating 
devices distributed along the long dis- 
tance line, which supply the Wattless 
power required for the regulation of the 
tension, characterised by regulating 

50 devices for these compensating devices, 
which regulating devices are directly 
sensitive to the ratio of voltage to current 
of the long distance line and so control 

the compensatiug devices that /^/^=? 

55 where wL is the effective series reactance 
of the long distance line including the 
reactance of the compensating devices 
and consumers, u>C is the reciprocal of 
the effective parallel reactance of the long 
60 distance line including the reactance of 
the compensating devices and consumers, 



E the tension, J the current and w the 
2- fold of the frequency. 

2. The arrangement according to claim 
1, for alternating current long distance 
lines in which the generators in the 
generator station are regulated to con- 
stant tension, modified in that the 
adjustment of the compensating devices 
is effected solely in depend a nee upon the 
current (total or working current) of the 
long distance line, the coil effecting the 
moving of the controlling element of the 
regulator being supplied by current pro- 
portional to the current of the long dis- 
tance line. 

3. Arrangement according to claim 1, 
characterised bv the compensating devices 
being in parallel to the long distance 
line. 

4. Arrangement according to claim 1, 
characterised by the compensating 
devices being in series with the long 
distance line. 

5. Arrangement according to claim 1, 
characterised by compensating devices 
being provided both parallel to as well 
as in series with the line. 

G. An arrangement according to claim 
3, characterised by the fact that the com- 
pensating contrivance is so controlled 
that its parallel inductance L p changes in 
accordance with the equation 
1 



2 ( C1 - L1 £) 



whilst C 1 is the capacity of the long dis- 
tance line, L 1 the inductance of the long 
distance line, E the tension, J the current 
of the long distance line and to the 2tt- 
fold of the frequency. 

7. Arrangement according to claims 1 
and 4, characterised by the fact that the 
compensating contrivance is so controlled 
that its series capacity C r changes in 
accordance with the equation 
1 
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whilst L 1 is the inductance, C the 
capacity, E the tension, J the current of 
the long distance line and w the 2n--fold 
of the frequency. 

8. Regulation of the electric potential HQ 
of long lines substantially as herein 
described with reference to and as illus- 
trated by the accompanying drawing. 
Dated this 18th day of January, 1929. 

HASELTINE LAKE & Co., 
28, Southampton Buildings, London, 
England, 
and 

19—25, West 44th Street, New York, 
U.S.A., 
Agents for the Applicants. 



Redhill: Panted for His Majesty's Stationery Office, by Love & Malcomson, Ltd.— 1930- 
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heading on Page 1, for "July 18, 1929" read "July 18, 1930" 
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